18 F]fluorination has been studied to reduce byproducts and preparation time. Instead of conventional aqueous solution of K2CO3-K222, several organic solution containing inert organic salts were used to release [
Introduction
Positron emission tomography (PET) is an emerging technology in the molecular imaging area because it enables biological dysfunction at a specific region of interest to be quantitatively visible, and thereby rendering reliable diagnosis of early stage diseases.
1 Of numerous positron emitters, fluorine-18 is predominant in the field of PET reflecting several favorable properties such as low positron energy, ease of large scale production, 2 F]Fluoride-containing target water (0.1 mL) was directly transferred to a vial containing TBAOH (40 wt %, 10 μL, 15.4 μmol). Water was removed by azeotropic evaporation with acetonitrile (0.5 mL × 3) at 100 o C with gentle stream of N 2 over 10 min. Mesylate precursor 1 (5.0 mg, 17.8 μmol) and acetonitrile (0.5 mL) was added to the vial. Reaction was carried out at 100 o C for 20 min. Radio-TLC yield was obtained after developing with 40% EtOAc/n-Hx. Reaction mixture was filtered with a membrane filter. Residual activity inside the vial was washed with acetonitrile (0.5 mL × 2) and the wash was filtered. The resultant diluted reaction mixture (0.3 mL) was injected into HPLC (semi-prep RP-C18, 250 mm × 10 mm, 4 mL/min of acetonitrile/H2O (60/40) at 254 nm) to obtain a radiochemical yield (RCY). After overnight stood in a hot cell, the reaction mixture was analyzed by an analytical HPLC (RP-C18, 250 mm × 4.6 mm, 1 mL/min of acetonitrile/ H 2 O (55/45) at 254 nm) for UV mass pattern.
TBAHCO3 (entry 2, (8 μL, 26 μmol) in acetonitrile (0.3 mL) and H2O (0.3 mL)) into a vial. Excess water was removed by azeotropic evaporation with acetonitrile (1 mL × 3) at 100 o C with gentle stream of N 2 over 17 min. Mesylate precursor 1 (6.0 mg, 21.4 μmol) and acetonitrile (0.5 mL) was added to the vial. The further experiment was performed by the same procedure as above (entry 1, O (0.3 mL)) into a vial, and K222 solution (K222 (22 mg, 58.4 μmol) in acetonitrile (0.3 mL)) was added. Excess water was removed by azeotropic evaporation with acetonitrile (1 mL x 3) at 100 o C with gentle stream of N2 over 20 min. Mesylate precursor 1 (4.6 mg, 16.4 μmol) and acetonitrile (0.5 mL) was added. The further experiment was performed by the same procedure as above (entry 1, (12 mg, 36.8 μmol) in H 2 O (0.3 mL)) into a vial, and K222 solution (K222 (22 mg, 58.4 μmol) in acetonitrile (0.3 mL)) was added. Excess water was removed by azeotropic evaporation with acetonitrile (1 mL × 3) at 100 o C with gentle stream of N2 over 20 min. Mesylate precursor 1 (5.1 mg, 18.2 μmol) and acetonitrile (0.5 mL) was added. Reaction was carried out at 100 o C for 20 min. The further experiment was performed by the same procedure as above (entry 1, Table 1 ).
[bmim][OTf] (entry 5, Table 1 
Results and Discussion
A preliminary study was carried out to determine how much base exists in the SPE cartridge. For this study, both anions preloaded in QMA and Chromafix ® (PS-HCO 3 ) cartridge were displaced with bicarbonate ion by eluting 20 mL of 0.4 M NaHCO 3 aqueous solution and 5 mL of distilled water. The quantities of bicarbonate ion in cartridges were measured by acid-base titration with 0.01 M HCl aqueous solution after releasing them with 0.2 M NaCl solution (20 mL). Both were found to contain 13.2 ± 0.5 μmol (n = 2, for QMA) and 31.0 ± 0.1 μmol (n = 2, for Chromafix ® (PS-HCO 3 )) of bicarbonate anion. Elemental analysis of the packing polymer in Chromafix ® (PS-HCO3) exhibited 42 μmol of bicarbonate on the basis of nitrogen content (see supplementary meterials). The quantities of bicarbonate base in both cartridges were considered to be sufficient to maintain the nucleophilicity of [ 18 F]fluoride-trapped cartridge was washed with 2.0 mL of the corresponding pure organic solvent as the eluting solution to remove water residue in the cartridge. As illustrated in Figure 2 , releasing abilities were determined in terms of counting the radio activity released from the cartridge. The volume vs. activity curves indicate that two protic solutions, water and methanol enable to quantitati- Our method (entry 5) was evaluated by comparison with four common procedures (entries 1 -4) as shown in Table 1 . Nucleophilic [ 18 F]fluorination of a simple primary mesylate precursor 1 (5 mg) was performed for 20 min at 100 o C. All reactions were analyzed by radio-TLC and high performance liquid chromatography (HPLC). Some analogues produced during the reaction were identified by HPLC retention time with pre-synthesized plausible byproducts such as 2-naphthol (3), hydroxylated compound 4, carbonate dimer 5, ether dimer 6, and eliminated compound 7 (see supplementary materials). We considered the percentage area of 1 in HPLC as the criterion of reaction mildness and selectiveness. In entry 1, the [ 18 F]fluoride cocktail was prepared by combining [
18 F]fluoride aqueous solution and tetrabutylammonium hydroxide (TBAOH, 10 μL, 40 wt % in H2O), followed by removing water by iterative azeotropic evaporation with acetonitrile (0.5 mL × 3). This procedure took about 10 min, resulting in 6% loss of initial radioactivity before reaction. Radio-TLC yield was 83% after reaction for 20 min at 100 o C. HPLC analysis, however, showed that only 15% of the precursor remained intact, giving many complicated analogues, including 2-naphthol (3), hydroxylation product 4, small amount of ether dimer 6, elimination product 7, along with several unidentified compounds appeared in small peaks.
Unlike, TBAOH, other experiments in Table 1 (entries 2 -5) were conducted with Chromafix ® (PS-HCO 3 ) cartridge. When TBAHCO3 (entry 2) or K2CO3/K222 (entry 3) were used as additional base and eluting solution, 15-20 min was required to dry the resultant aqueous solutions by azeotropic evaporation with acetonitrile (1 mL × 3), resulting in 9 -11% loss of radioactivity. HPLC showed that precursor 1 was almost decom- [OTf] and TBAOMs in methanol. Releasing ability of these solutions was examined in the same manner as Figure 2 to determine the minimum volume and concentration. Figure 4 indicates that 0.6 mL of 0.05 M solution is sufficient to release almost all [ 18 F]fluoride in both cases. Consequently, the quantities of organic salts could be reduced to almost a quarter in Figure 2 .
Further optimization was accomplished using 0.05 M [bmim] [OTf] or TBAOMS in methanol ( Table 2) . The reaction solvent, acetonitrile used in Table 1 was displaced by tert-butanol based on our recent report, 11 which described that tert-alcohol solvents suppress various base-catalyzed side reactions by hydrogen bond formation between the proton of alcohols and the [ 18 F]fluoride or basic anion. The combination of [bmim] [OTf] and bicarbonate in tert-butanol showed only 67% radio-TLC yield and 30% RCY (entry 1, Table 2 ). In contrast, when TBAOMs salt was used instead of [bmim] [OTf] (entry 3), radio TLC yield reached 94% and RCY was also increased to be 81%. However, the formation of hydroxylated compound 4 and ether compound 6 was increased yielding only 12% of the precursor (entry 3, Figure 5 ).
On the next attempt, other anionic bases such as Na 2 CO 3 , K 2 HPO 4 , and K 3 PO 4 were examined instead of bicarbonate ion. For this study, Chromafix® cartridge was eluted with 0.2 M Na 2 CO 3 , K 2 HPO 4 (dibasic), and K 3 PO 4 (tribasic) aqueous solution to displace bicarbonate ion with respective bases before use. Although [ 18 F]fluorination of precursor 1 using carbonate cartridge (entry 6) showed better result than that using bicarbonate (entry 1) giving satisfactory radio-TLC yield (99%) and RCY (76%), only 26% of precursor 1 remained with a significant amount of hydroxylated compound 3 and ether 6. Gratifyingly, when using dibasic and tribasic phosphate cartridges (entries 4 and 5), 84% and 94% of precursor 1 still remained along with excellent radio-TLC yields (97% and 98%) and RCYs (92% and 83%). These results are better than the best condition (entry 5) of Table 1 that showed 63% of precursor 1. The use of [bmim] [OTf] solution and tribasic phosphate gave a slightly worse result (entry 2), showing 73% of 1 and 76% of radio-TLC. As a result of that, TBAOMs/t-BuOH combination (entries 3 -6, Table 2 ) showed dramatic improvement in radio- fluorination with this mild F-18 solution afforded a high radiolabeling yield with minimum byproducts. When phosphate bases were used instead of carbonate bases, the reaction proceeded more cleanly to give simpler HPLC peaks patterns, retaining a high radio-TLC yield and RCY. In addition, the tert-butanol solvent suppressed the eliminated side product. We expect that our proposed [ 18 F]fluorination method could be adopted not only for the automated preparation of well-known radiopharmaceuticals, but also applied for the specific research purposes including microfluidic reactor 14 and HPLC-free purification.
